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Abstract  
This study assesses the processing behaviour and mechanical properties of different polymers widely 
used in several industry fields formulated with Electric Arc Furnace Dust (EAFD) as filler. Design of 
Experiments (DoE) has been proved to be an effective tool to obtain the maximum information with the 
minimum number of experiments. In this experimental design mechanical properties as well as the melt 
flow index were chosen as dependent variables. The effect of CaCO3, BaSO4 and EAFD fillers as well as 
different polymer matrix has been evaluated.  
 
Text 
The use of composite materials made from thermoplastic polymers and mineral fillers is a solution 
widely used by industry in several technical applications. Calcium carbonate and barium sulphate can be 
found among the most used fillers in polyolefin based composites. Commonly reported formulations for 
automotive and building industry consist of a polymer matrix having thermoplastic rubbers such as 
ethylene-octene copolymer, or polyethylene-co-vinyl acetate (EVA) used in this study.  
 
In a previous work [1], the feasibility of incorporating EAFD in polymer composites was evaluated 
finding 25 wt.% as the optimal addition regarding automotive environmental restrictions. EAFD is a 
hazardous industrial waste generated during steelmaking process via electric arc furnace and collected in 
the air pollution control systems. These dusts are mainly composed of metal oxides as Fe and Zn oxides 
among others. The high density, together with a particle size below 10 microns and a low specific surface 
area, make this solid an interesting alternative to obtain a heavyweight polymer sheets used as acoustic 
insulator in automotive and building industries.  
 
It has been studied a formulation composed of a polymer matrix (aprox. 20 wt.%), filled with high 
density mineral filler (aprox. 75 wt.% mass of material). Polymers used in this work are ethylene-octene 
copolymer, Engage, produced by DuPont Dow Elastomers, polyethylene-co-vinyl acetate copolymer 
(EVA) with 18% vinyl acetate VA content, EVA Alcudia PA-538 from Repsol YPF and PA-430 also 
from Repsol YPF EVA with 24% VA content, EVA Resina.  
 
Mineral fillers used were calcium carbonate (> 98.5%), EAFD and barium sulphate (74-76% of BaSO4). 
The composites were prepared in a mixer with rotor speed of 55 r.p.m. at 150ºC. Zinc stearate was used 
as a dispersant agent (<0.5 wt.%) and mineral oil as lubricant agent (5-7 wt.%). Mixed composites were 
finally processed with a platen press with heating at 120ºC. Homogeneous and uniform heavy mass 
sheets were obtained and specimens with a thickness about 3 mm were machined from the sheets.  
 
Mechanical properties, and processing behaviour of composites (based on MFI values) were evaluated by 
using a factorial experimental design. The DoE approach allows the evaluation of the influence of each 
factor and the interactions among them [2]. The selected design of experiments was a full factorial two 
level plan for four variables. In this study four factors: EVA content, EVA grade, EAFD amount and 
BaSO4 amount were varied. Polymer matrix was kept at 18 wt.%, varying the EVA/Engage ratio. The 
CaCO3 added in each case has been selected in order to keep a fixed total amount of filler. Performing of 
different runs has to be randomized to minimize systematic errors on the final results. Table 1 shows the 
design matrix with the codified, uncodified and dependent variables. The experimental matrix included 
three replicates runs for the estimation of the random noise. EVA grade is referred to the VA% content in 
EVA. 
 
Mechanical properties were determined in a Mecmesin tensile testing machine at a speed of 100 
mm/min, following the ASTM D 638-89 Standard [3]. For each sample, were obtained the Young 
modulus, tensile stress and elongation. General trends show an increase of elongation with higher VA 
content in the EVA matrix as well as increasing the ethylene-octene copolymer, being this effect more 
remarkable in the last case. Composites filled only with CaCO3 exhibit lower values of tensile stress, 
elongation and modulus. EAFD does not seem to cause a significant decrease on mechanical properties 
in comparison with BaSO4/CaCO3 standard formulations.  
 
MFI values were measured by means of a Melt Flow T.Q. Ceast, following UNE-EN ISO 1133 [4] with 
EVA test procedure. Formulations with EAFD samples require higher percentages of lubricant to be 
processed; this fact results in a decrease in MFI values compared with BaSO4/CaCO3 standard sample.  
 
The use of statistical analysis and a full factorial experimental design reduces the number of experiments 
needed to study the effect of different variables on composites final properties. This analysis 
demonstrates the existence of statistically significant effects, due to the single factors and the specific 
interactions among them. Contour graphics have been plotted and statistical model has been computed to 
understand the relationships among dependent variables assessing the change in the response surface. 
 
 
Table 1 –Design matrix of polymers composites 
 
 
 
EVA 
 
EVA 
Grade BASO4 EAFD 
Engage 
(%) 
EVA 
(%) 
EVA 
Grade 
BASO4 
(%) 
EAFD 
(%) 
CACO3 
(%) 
1 - - - - 16.2 1.8 18 0 0 75 
2 + - - - 1.8 16.2 18 0 0 75 
3 - + - - 16.2 1.8 24 0 0 75 
4 + + - - 1.8 16.2 24 0 0 75 
5 - - + - 16.2 1.8 18 30 0 45 
6 + - + - 1.8 16.2 18 30 0 45 
 7 - + + - 16.2 1.8 24 30 0 45 
8 + + + - 1.8 16.2 24 30 0 45 
9 - - - + 16.2 1.8 18 0 30 45 
10 + - - + 1.8 16.2 18 0 30 45 
11 - + - + 16.2 1.8 24 0 30 45 
12 + + - + 1.8 16.2 24 0 30 45 
13 - - + + 16.2 1.8 18 30 30 15 
14 + - + + 1.8 16.2 18 30 30 15 
15 - + + + 16.2 1.8 24 30 30 15 
16 + + + + 1.8 16.2 24 30 30 15 
 17 
17 
0 0 0 0 9 9 24 15 15 45 
8 0 0 0 0 9 9 24 15 15 45 
19 0 0 0 0 9 9 24 15 15 45 
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